Background Our primary goal was to audit the incidence of erythrocyte blood transfusion (EBT) after hip fracture surgery and study the effects on perioperative complications and early and late mortality. Methods In a retrospective cohort study all patients 65 years old and above treated operatively for an acute hip fracture were included over a 48-month period with a 2-year follow-up period. Postoperative hemoglobin levels were used to investigate at what threshold EBT was used. The relation between EBT and perioperative complications and survival was analyzed with multivariate regression analysis. A propensity score for predicting the chance of receiving an EBT was calculated and used to differentiate between transfusion being a risk factor for mortality and other related confounding risk factors. Mortality was subdivided as in-hospital, 30-day, 1-year and 2-year mortality. Results Of the 388 included patients, 41% received a blood transfusion. The postoperative hemoglobin level was the strongest predictor for EBT. Patients who received EBT had a significant longer hospital stay and more postoperative cardiac complications, even after adjustment for confounders. Multivariate analysis for mortality showed that EBT was a significant risk factor for early as well as late mortality, but after adding the propensity score, EBT was no longer associated with increased mortality. Conclusion There was no effect of EBT on mortality after correction with propensity scoring for predictors of EBT. Transfusion in patients treated operatively for hip fracture should be evenly matched with their cardiovascular risk during the perioperative phase.
Background
Anemia is very prevalent in patients undergoing surgery for an acute hip fracture (39-69%) [1] [2] [3] [4] [5] [6] . Anemia occurs as a result of the trauma, the surgery and can be preexisting in the elderly population. Anemia causes hemodynamic stress, an increased cardiac demand and potential tissue hypoxia in the elderly patients with hip fracture [7] [8] [9] [10] . Particularly, those patients with a preexisting cardiac disease are at risk [11] . The incidence of troponin elevation after emergency orthopedic operations varies between 22 and 52.9% [12] . In this context anemia might contribute to the high morbidity and mortality rates after hip surgery. Furthermore, anemia is an independent risk factor for patients not being able to walk postoperatively [2] .
Perioperative anemia is mostly treated by erythrocyte blood transfusions (EBT) in order to prevent the postoperative morbidity and mortality. However, there are conflicting data concerning the effect of EBT on the morbidity and mortality in patients with acute hip fractures. Engoren et al. [1] found that allogeneic erythrocyte blood transfusions are associated with an increased long-term mortality (> 90 days up to 2 years) after hip fracture surgery. In addition, increased risk of postoperative infections including pneumonia, delirium, short-term mortality, length of hospital stay and systemic inflammatory response syndrome in patients receiving blood transfusion(s) was reported [4, [13] [14] [15] [16] [17] . In contrast, other studies suggest that EBT improves short-term functional outcomes [18] [19] [20] [21] and prevents delirium in frail elderly [22, 23] .
Another study demonstrated that a restrictive transfusion policy leads to increased cardiovascular events and increased mortality rates [24] , although a liberal transfusion trigger did not result in increased ambulation scores or decreased rehabilitation potential. Finally, Carson et al. [25] demonstrated that a liberal transfusion policy was not associated with a lower postoperative morbidity and mortality when 1 3 compared to a more restrictive transfusion policy in a hip fracture population. Whether EBT is an independent risk factor for the development of postoperative morbidity and mortality besides the clinical factors for giving EBT remains to be seen. Vuille-Lessard et al. [26] found that physicians mostly base their decision to transfuse on the hemoglobin concentration and that characteristics of the patients are minimally considered, although high age, male sex and postoperative hemoglobin levels are other identified predictors for EBT after hip surgery [5, 27, 28] .
The aim of this study was to audit the incidence and predictors of receiving a blood transfusion after hip fracture surgery and to investigate the use of blood transfusion as an independent factor on morbidity and mortality. The hypothesis tested in this study was that EBT is not an independent risk factor for morbidity and mortality in patients undergoing surgery for hip fracture, but anemia and underlying cardiovascular disorders are determining the outcome.
Methods

Study population
This retrospective study was conducted in the Maastricht University Medical Center in the Netherlands, a level 1 trauma center. All patients from age 65 or above treated operatively for hip fracture were included over a 48-month period. Patients with polytrauma, pathological fractures and patients treated with a total hip arthroplasty were excluded. Patients with a malignancy in their history were not excluded. All patients were operated by the department of trauma surgery using a protocolized treatment algorithm regarding internal fixation (and hip replacement). Duration of follow-up was 2 years. Approval for the study was granted by the Ethical Committee of the Maastricht University Medical Center with a waiver for the need of informed consent.
Study variables and outcome measurements
All medical records were evaluated for the following content: patient characteristics, fracture type, type of fracture fixation, operation time, delay to surgery, cardiovascular risk factors, preoperative laboratory results, postoperative hemoglobin levels, the use and amount of blood transfusion products, causes of perioperative and postoperative blood loss, postoperative complications and death. Death certificates were obtained from the National population register.
The general transfusion protocol for patients with a cardiac history was to transfuse for hemoglobin levels < 10 g/ dl, for elderly without a cardiac history at < 8 g/dl. The majority of patients received postoperative transfusion. Only if the preoperative hemoglobin level was already below the transfusion trigger, a transfusion was given preoperative. The decision to transfuse was made by the attending physician.
Our primary goal was to investigate the association of receiving an EBT and morbidity and mortality after hip fracture surgery. Mortality rates were determined as early in-hospital, 30-day mortality, 1-year and 2-year mortality. Death certificates from the National population register were collected to study postoperative mortality after hospital discharge. To analyze the correlation between cardiac morbidity and EBT, the American College of Cardiology (ACC) and the American Heart Association (AHA) guidelines for perioperative cardiac assessment were used to classify patients cardiac risk into low, intermediate and high risks by clinical risk predictors [29] . We hypothesized that patients with increased cardiac risk would receive more EBT.
Statistical analysis
All analyses were performed with SPSS 23 statistical software (SPSS Inc., Chicago, Illinois, USA). p < 0.05 was considered to be statistically significant. One-way ANOVA was used to compare normally distributed and the Mann-Whitney U test for non-normally distributed continuous variables with Bonferroni correction for multiple testing. A Pearson's Chi-square (χ 2 ) test was used to investigate whether distributions of categorical variables differed from one another. A univariate logistic analysis was performed to identify risk factors for EBT. The likelihood of receiving EBT was calculated with the help of propensity scoring, by logistic regression. The propensity score was used to differentiate between transfusion being a risk factor for mortality and the risk factors for predicting transfusion being predictors for mortality itself. The propensity score was based on all univariate variables significantly associated with transfusion: age, postoperative hemoglobin and fracture type.
To identify possible risk factors for mortality, we used a univariate logistic analysis. A Cox regression analysis was used to determine which regression curve summarizes the best. (Goodness of fit for the regression curve is represented by R 2 .) One model was composed with all covariates entered at once (model 1) and one with all the covariates including the propensity score (model 2).
Results
In the study 388 patients were eligible for inclusion and analyzed. Of these patients, complete data could be collected in 97% of patients. Of 9 (2%) patients time to surgery could not be calculated accurately. Of 4 (1%) patients who lived abroad, follow-up after discharge could not be obtained.
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These data were regarded as missing data, but other available data of these patients were still used in other analysis. Table 1 shows the patient and operation characteristics. 41% of patients received a blood transfusion. The transfusion group was significantly older in comparison with patients who did not receive blood transfusion (84 vs 81 years). There was no difference in sex distribution or cardiovascular comorbidity. There were significantly more intracapsular fractures in the non-transfused group. Transfusion was associated with a longer hospital stay (12 vs 10 days).
The median number of blood transfusion was 2.0 with a median postoperative hemoglobin level of 7.7 g/dl. The median postoperative hemoglobin level in the non-transfused group was significantly higher (10.0 g/dl, p < 0.001). Postoperative hemoglobin levels were strongly associated with use of EBT (both in univariate and in multivariate analyses, p < 0.001). Other factors associated with transfusion were high age and intracapsular fractures. Sex, a cardiac history, delay to surgery and operation time were not associated with EBT. Multivariate analysis showed postoperative hemoglobin level, a cardiac history and delay to surgery > 48 h as significant risk factors for in-hospital mortality (p < 0.01). Postoperative anemia remained a predictor for 30-day, 1-year and 2-year mortality, both in univariate and in multivariate analyses.
Cardiac risk
A cardiac history was present in 45.4% of patients. In total 37 patients were predicted to have a high perioperative complication risk, 113 an intermediate risk and 238 a low risk using the ACC/AHA guidelines. Patients with high cardiac risk did not receive more transfusions than patients with intermediate (p = 0.08) or low cardiac risk (p = 0.06) although there seems to be a trend. High-risk patients had significant more cardiovascular complications after surgery and risk of mortality.
EBT and morbidity
Patients who received EBT were at risk of postoperative complications (see Table 2 ): delirium (RR 1
EBT and mortality
A univariate analysis for in-hospital, 30-day, 1-year and 2-year mortality showed that sex, age, a delay to surgery of > 48 h, a cardiac history and the use of blood transfusion were significant risk factors. These variables were entered in a Cox regression model (model 1) with 24 months of followup. Sex, age, delay to surgery > 48 h and EBT were significant risk factors for mortality (see Table 3 ). After adding 
Discussion
The hypothesis tested in this study was that the use of erythrocyte blood transfusion (EBT) in patients treated operatively for hip fracture is not a risk factor for mortality but depends primarily on the effects of anemia and underlying cardiovascular disorders. We found that 41% of patients with hip fracture received EBT. Our hospital practiced a liberal transfusion policy to transfuse elderly patients with a cardiac history (aimed at > 10 g/dL). Despite this, no differences existed in the frequency of EBT administered when patients were classified into low, intermediate and high cardiac risk. This study demonstrated that EBT is frequently used during the treatment of acute anemia after hip fracture surgery. The association of EBT on postoperative mortality was no longer present after correction with the propensity score for receiving a transfusion. However, EBT remained an independent risk of perioperative cardiac morbidity. This is in contradiction with the results of Engoren et al. [1] who used propensity matching and found a significantly increased relative risk of 3.8 (95% CI 1.2-11.6) for EBT on mortality. In our study we used the propensity score for receiving EBT as a variable in our Cox model in attempt to correct for the chance of receiving EBT instead of adding to many individual variables in the model. Another study showed that risk of mortality after EBT was significantly higher when the preoperative hemoglobin level was 10 g/ dL or less in patients with preexistent cardiovascular disease [30] . Patients with low hemoglobin levels are more likely to suffer from cardiac complications in case of preexistent cardiac comorbidity [11] .
A review from Potter et al. [31] on preoperative anemia and EBT in hip fracture patients showed that anemia on hospital admission was associated with increased mortality, relative risk 1.64 (95% CI 1.47-1.82), p < 0.0001 in > 13.000 patients. There was no association between postoperative transfusion and mortality after adjusting for covariates. These findings suggest that anemia seems to play a more important role than EBT itself. This is exactly why we corrected our data with the use of the propensity score for the chance of receiving EBT.
In our study, EBT remained an independent risk of perioperative cardiac morbidity after correction for confounders. In a large RCT from Carson et al., the rates of in-hospital acute coronary syndrome or death were 4.3 and 5.2%, in the liberal and restrictive transfusion group, respectively (absolute risk difference, −0.9%; 99% CI −3.3 to 1.6) [25] . In Potters review transfusion at 80 vs 100 g/dl increased acute myocardial infarction, with a relative risk of 1.67 (95% CI 1.01-2.77), although with p = 0.05 and a 97.5% weight of Carson's study [25] . No strong conclusions can be drawn.
The TRIFE trial showed comparable findings between liberal and restrictive blood transfusion protocols after hip fracture surgery, but subgroup analyses for frail elderly in nursing homes showed that this group could benefit from a more liberal transfusion [32] . Post hoc analyses showed furthermore a reduced risk of postoperative delirium for the liberal transfusion group. Development of delirium on day 10 postoperatively after hip fracture surgery increased the risk of 90-day death, hazard ratio 3.14 (95% CI 1.72-5.78, p < 0.001) [33] .
A number of remarks must be made when interpreting the results of this study. Selection bias cannot be excluded because of the retrospective study design. It is possible that other contributing risk factors were not identified in this study and therefore not taken into account in the analyses. A limitation of propensity matching is that a variable that affects treatment assignment but not outcome is analyzed the same as a variable that affects treatment assignment and has a strong relationship to outcome as well [34] . This suggests that risk factors for transfusion are predictors for mortality itself. And indeed, age and postoperative hemoglobin levels were associated with early as well as late mortality. We found no association between mortality and fracture type. Another study found no effect of EBT on mortality after hip fracture surgery when corrected for age, male sex, residential status, preoperative hemoglobin level, mobility score and American Society of Anesthesiologists score [18] . The mechanisms by which blood transfusion might worsen outcomes are unknown. There is evidence that the storage time of erythrocytes is associated with increased mortality [35] [36] [37] [38] [39] . Koch et al. [37] showed that cardiac surgical patients receiving erythrocytes that had been stored for more than 2 weeks have a higher risk of in-hospital mortality and postoperative complications. Storage leads to numerous effects: decreased cellular deformability, increased adhesion to the vascular endothelium [40] , impaired microvascular flow [30, 41] and abnormal shape [42] which leads to limited oxygen delivery.
Another pathway is transfusion-induced immunomodulation (TRIM) and focuses on the release of cytokines, allogenic leukocytes and their immune activation, resulting in transfusion-related lung injury or immune suppression resulting in susceptibility to infectious complications [41, [43] [44] [45] . The fact that the association between EBT and mortality is not present on the long-term mortality may indicate that such processes are contributing.
Another extensively studied phenomenon is transfusionrelated acute lung injury (TRALI). The diagnosis must satisfy the criteria for acute lung injury (ALI) following ≤ 6 h after transfusion, including (1) acute onset, (2) hypoxemic lung disease with (3) bilateral infiltrates on frontal chest radiograph and (4) no evidence of left atrial hypertension [46] .
Anemia contributes to and is associated with reduced physiological/homeostatic reserve, reduced function and reduced mobility [2, 47] , mechanisms through which complications and mortality may be increased beyond 1 year postoperative. The 'frailty syndrome,' consisting of sarcopenia, anorexia and declining mobility, is associated with dysregulation of pro-inflammatory pathways, increasing inflammatory markers such as IL-6, bone marrow suppression and chronic anemia [48] . EBT was not associated with early or late mortality after hip fracture surgery. Postoperative anemia, a cardiac history and delay to surgery of > 48 h were predictors for in-hospital mortality. Transfusion in patients treated operatively for hip fracture should be evenly matched with their cardiovascular risk during the perioperative phase. Further research should identify subgroups that may benefit from a more liberal transfusion trigger depending on their cardiac risk and frailty characteristics or a more restrictive transfusion trigger without risk of worse outcome.
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